Despite being prepared at higher temperatures and involving greater energy consumption, activated carbons always show a smaller capacity and affinity towards the adsorption of Cr(VI) ions. After a brief review regarding Cr(VI) ion contamination and treatment, the preparation of a novel biosorbent from pyrolyzed wood char for Cr(VI) ion adsorption is described. Pyrolysis was conducted at temperatures within the range 200-350 ºC, thereby helping to protect beneficial functional groups, saving energy and hence reducing costs.
INTRODUCTION
Trivalent chromium, Cr(III), is reported to be a basic nutrition for living beings at trace amount levels (Krejpcio 2001) . In contrast, hexavalent chromium, Cr(VI), may be reduced by sulphurcontaining proteins and then combined with nucleic acids as a mutagenic toxicant (Mali et al. 1964; Samitz and Katz 1965) . Trivalent chromium is susceptible to precipitation in soil strata while hexavalent chromium is mobile and always leached out by ground water. Hexavalent chromium is widely used in industries including leather tanning, furnace cooling, plating, rinse waters, wood preservation, etc. (Jorge et al. 1999) , and has thus led to intensive studies. Chromatecontaining wastewater is traditionally disposed of by reduction and precipitation. However, such solutions always require to be adjusted to acidic conditions. Because this method would result in secondary pollution, the adsorption of Cr(VI) ions onto special adsorbents appears to be a promising method for their removal. Mohan and Pittman (2006) have reviewed the sorption capacities of commercial activated carbons and other low-cost sorbents for the removal of chromium. Other than adsorption treatment, chromate can also be detoxicated by natural attenuation; this transforms Cr(VI) into Cr(III) ions in natural estuarine systems under sunlight radiation as reported by Kaczynski and Kieber (2002) . However, the photoreduction of Cr(VI) is always featured by a slow reaction rate, low reaction extent and low concentrations, which greatly limit the treatment efficiency (Kaczynski and Kieber 2002; Khalambayausi-Chirwa and Wang 2001) . Although biosorbents appear to be promising for the treatment of wastewaters, the high tendency of biological decomposition limits their application for the in situ treatment of Cr(VI) ion-polluted ground water.
Activated carbon is chemically stable and could thus serve as alternative filling material in permeable reactive barriers. However, the activated carbons reported to date are mostly obtained at temperatures above 400 ºC, with some even surpassing 800 ºC. It is well known that higher treatment temperatures require higher energy consumption but have a low yield efficiency. Similarly, most of the reported studies on Cr(VI) ion adsorption deal with simulated wastewater with very high Cr(VI) ion concentrations, a situation which is rarely met with in the natural environment where samples always contain only trace amounts of chromium. Even for heavily polluted industrial wastewater, the residual chromium concentration after treatment should be less than the allowable standard. Thus, efforts should be devoted to the development of novel adsorbents for the removal of Cr(VI) ions over comparatively low ranges of toxicant concentration (i.e. < 5 mg/ᐉ).
The present paper proposes novel methods for preparing adsorbents for Cr(VI) ions by transforming wood chips into wood char, followed by the loading of ferric oxide onto the wood char at low temperatures, i.e. less than 350 ºC, in order (1) to preserve the surface functional groups which are beneficial towards Cr(VI) ion adsorption, (2) save energy and (3) decrease greenhouse gas emissions. To enhance the adsorption affinity towards Cr(VI) ions at low concentrations, nanoscale iron oxide has been successively impregnated onto the adsorbent surface. The chars were characterized by SEM-EDX and FT-IR methods, and were evaluated for Cr(VI) ion adsorption by batch adsorption methods. Several important factors were investigated to determine the optimum conditions for Cr(VI) ion adsorption. A relevant mechanism was examined and the method is proposed as an alternative to currently available Cr(VI) ion removal methods.
MATERIALS AND METHODS

Preparation and characterization
Pine wood was shaved into thin chips from a wood block. These shavings were oven-dried at 105 ºC for 24 h. The shavings (20.0 g) were subsequently thermally treated by placing in a glass beaker which was heated on a hot plate. The temperature in the beaker was monitored by means of a thermometer. Four kinds of samples were separately prepared by heating the shavings at 200, 250, 300 and 350 ºC, respectively. In such treatment, the temperature was increased at an initial rate of 20 ºC/min and then held at the required temperature for 30 min before being allowed to revert naturally to room temperature. The wood char thus obtained was ground into a fine powder, passed through a 200 mesh screen and collected for further study.
Ferric ion-laden char (FLC) was prepared via several sequential steps. Thus, the wood chips were first carbonized at 200 ºC for 30 min employing the method mentioned above. The char obtained was ground into fine particles and passed through a 200 mesh screen. Concentrated ferric nitrate solution was prepared and mixed with the char powder to obtain a percentage ferric ion loading, Fe/wood, of 15%. After equilibration for 2.0 h, the mixture of char and ferric solution was oven-dried at 200 ºC for a further 2.0 h. The FLC was cooled to room temperature and transferred to sealed plastic bags for storage.
The morphology and micro-structure of the chars was examined by scanning electronic microscopy (Hitachi SEM-S 4500 instrument), while the elemental composition of the adsorbent surface was analyzed using the EDX facility attached to the scanning electron microscope. To enable such examination, the sample was coated with Pr-Pt for 90 s under vacuum conditions (6 Pa, 15 mA). The percentage atomic concentration of oxygen was calculated on the basis of the EDX results. Surface functional group analysis was conducted via FT-IR spectroscopy (FT/IR-4100 type A instrument, Japan Spectroscopy), with the prepared sample being first dried at room temperature under vacuum conditions (< 10 Pa) for 5 min. The resulting sample was mixed with KBr, ground in a mortar and then compressed into a translucent lens for FT-IR tests.
Effect of adsorbent dosage
A stock solution containing Cr(VI) ions was prepared by dissolving a weighed amount of K 2 CrO 4 in distilled water. In order to determine the effect of the solid/solution ratio on the adsorbent, a fixed initial concentration of Cr(VI) ions (5.0 mg/ᐉ) was employed in this study. A known weight of the adsorbent (separately weighed at 0.01, 0.02, 0.04, 0.1 and 0.2 g) was placed into a PET centrifuge tube and 20.0 mᐉ of the Cr(VI) ion solution added. The mixture was equilibrated at 25 ºC for 24 h. Subsequently, 1.0 mᐉ of the aqueous phase of the sample solution was removed via a 0.45 µm Minisart syringe filter. The equilibrium content of Cr(VI) ions in the sample was determined using an inductively coupled plasma emission spectroscope (ICPS-8000, Shimadzu, Japan). Each sample was duplicated and blank controls were conducted in the absence of adsorbent. Such methods were employed for each of the adsorbents studied.
Effect of pH value on Cr(VI) ion adsorption
The effect of pH on the adsorption of Cr(VI) ions was studied by maintaining the adsorbent dosage at 1.0 g/ᐉ and employing an initial Cr(VI) ion concentration of 5.0 mg/ᐉ. Through the addition of 0.01-0.1 M HNO 3 or NaOH solutions, the initial pH of the solution was adjusted to values in the range 2-6 while carefully maintaining the total volume of the system at 20 mᐉ. Mixtures of the adsorbent and Cr(VI) ion solution were equilibrated in an agitator at 25 ºC for 24 h and then filtered through a Minisart syringe filter to determine the resulting Cr(VI) ion concentration by inductively coupled plasma emission spectroscopic methods. This allowed the removal efficiency (% R) of Cr(VI) ions by the adsorbent under different experimental conditions to be determined.
Effect of ionic strength
A series of precisely weighed amounts of adsorbent (0.020 g) were mixed with 20.0 mᐉ aliquots of Cr(VI) ion solution of 5.0 mg/ᐉ initial concentration in a number of pre-cleaned PET centrifuge tubes. The ionic strength of the mixture in each tube was individually adjusted to 0.001, 0.01, 0.05, 0.1, 0.2, 0.3, 0.4 or 0.5 M, respectively, by adding a predetermined amount of concentrated KCl stock solution (3.33 mol/ᐉ) The series of mixtures thus obtained were equilibrated for 24 h at 25 ºC, and then separated by passage through a 0.45 µm Minisart syringe filter. This allowed the equilibrium Cr(VI) ion concentration in each tube to be determined using the ICPS-8000 instrument. Each sample was duplicated, thereby allowing the average adsorption to be determined.
Adsorption kinetics over extended time lengths
Aliquots of a Cr(VI) ion solution of 50.0 mg/ᐉ initial concentration were separately mixed with the adsorbent (1.0 g/ᐉ) and allowed to equilibrate over an extended time length at 25 ºC in an agitator. The extent of adsorption was determined by batch methods at predetermined time intervals by passing a sample of the solution through a 0.45 µm Minisart syringe filter and determining its Cr(VI) ion content using the ICPS-8000 instrument. The duration of equilibration was extended to as long as 47 d in order to investigate the kinetics of the corresponding adsorption process.
Isothermal adsorption test
A known weight of adsorbent (0.02 ± 0.001 g) was placed into a series of clean PET centrifuge tubes together with 10 mᐉ of a Cr(VI) ion solution, the initial concentration of the Cr(VI) ion solution associated with the different adsorbent samples being 1.0, 2.0, 5.0, 10.0 and 25.0 mg/ᐉ, respectively. Each tube was regularly tapped and equilibrated in an agitator at 25 ºC for 24 h. The adsorbent/solution mixture was then separated by passage through a 0.45 µm membrane filter. The total equilibrium concentration of Cr(VI) ions in the supernatant was determined by ICPS methods. The difference between the initial and final concentration of Cr(VI) ions in the solutions was considered to be that adsorbed by the adsorbent. Blanks and duplicates were conducted for all samples. Table 1 shows the main preparation conditions employed and the relevant parameters for each sample studied. The char yield was found to decrease from 55.27% to 32.73% as the treatment temperature was increased from 200 ºC to 350 ºC. In addition, the char yield of FLC was less than those for the other chars studied which had no Fe 2 O 3 loading. This may have been caused by the high oxidizing potential of Fe(NO 3 ) 2 which caused the wood fibres to oxidize into volatile gases.
RESULTS AND DISCUSSION
Characterization
SEM observations
The micrograph depicted in Figure 1 (a) shows that the micro-structure of natural wood chip shavings consisted of obvious fibres of ca. 20 µm diameter which were parallel to each other. However, on heating at increasing temperatures, the connected and merged wood fibre walls were broken into small pieces, as shown in Figure 1 (d) . Macropores (pore diameter ≈ 4 µm) were found in C1 with many mini-rods of nanometre scale; these were absent from the micro-structures of the other adsorbents studied and their presence has not been mentioned in the literature. On further increasing the treatment temperature, the pore structure gradually disappeared as shown in Figures 1(c) and (d). FLC appeared to possess small crumbled particles with irregular configurations, which were covered by fine iron oxide particles whose particle sizes ranged from 3 µm to less than 600 nm. The size of the wood char was larger than that of the Fe 2 O 3 particles, suggesting that this could provide skeletal support for the fine particles in filter separations.
Thermal decomposition was used in the present study to apply the iron oxide coating. The SEM image of FLC demonstrates the effectiveness of this method of preparation. Nachtegaal and Sparks Table 1 shows the percentage of oxygen in the samples studied as determined by different methods. Although the values obviously deviate from each other, the overall trend in variation is consistent: decomposed wood char is likely to present a lower oxygen percentage than natural wood. Correspondingly, on increasing the treatment temperature in the range 200-300 ºC, the oxygen percentage decreased continuously from 2.54% to 1.73%. The surface functional groups on the adsorbents could be quantified in terms of their O/C atomic ratio by X-ray photoelectronic spectroscopy (XPS) (Butterman and Castaldi 2007; Rowell 2005; Gerardin et al. 2007; Buchert et al. 1996) . SEM-EDX methods may also be used for this purpose as utilized in previous studies (Butterman and Castaldi 2007). Gerardin et al. (2007) have reported a significant decrease in the O/C ratio of wood after heat treatment, the resulting chars exhibiting increased hydrophobicity because of the degradation of hemicelluloses. Figure 2 shows the FT-IR spectra of the prepared adsorbents. From the spectra depicted in Figure 2 (a), it will be seen that the band at ca. 3400 cm -1 related to the hydroxy group decreased with increasing treatment temperature, a result which accords with SEM-EDX analysis. The bands relevant to C-H groups (2980 cm -1 ) observed in the spectrum of C1 [ Figure 2 (b)] were absent in the corresponding spectra for C2-C4 and FLC [ Figure 2(c) ]. The intensity of the band at 1750 cm -1 , which may be assigned to the C=O group ), decreased appreciably with increasing treatment temperature. The bands at 1600, 1580, 1500 and 1450 cm -1 , which may be assigned to the stretching vibration of the C=C group in the benzene ring, appeared to be 424 Z. Li et al./Adsorption Science & Technology Vol. 28 No. 5 2010 abundant in the spectrum of C1 but negligible in C2-C4 and FLC. The stable band at 1600 cm -1 in C2-C4 could be assigned to the diene group, which is common in chars produced at higher temperatures (Bergemann et al. 2004; Okazaki and Tsubokawa 2000) . The presence of the Fe-O bond was confirmed by the strong band at 600 cm -1 , indicating the successful coating of the wood char by Fe 2 O 3 . Figure 3 shows the effect of adsorbent dosage on the removal of Cr(VI) ions from aqueous solution. The FLC sample appeared to be the best of those studied, with % R increasing from 75% to 99.7% as the adsorbent dosage was increased from 0.5 g/ᐉ to 5 g/ᐉ, and then flattening out to 100% with further increase in dosage. The % R value of the C4 adsorbent, although much less than that of FLC, increased from 5% at a dosage of 0.5 g/ᐉ to 56% at a dosage of 5.0 g/ᐉ, followed by subsequent flattening. The adsorption curves for char C1 and wood chips coincided with each other, with both increasing from ca. 10% at a dosage 0.5 g/ᐉ to ca. 32% at a dosage of 5 g/ᐉ. Both curves exhibited a subsequent flattening above this dosage level. Thus, for a solution containing an initial Cr(VI) ion concentration of 5.0 mg/ᐉ, a suitable adsorbent dosage for all the samples studied would be 5.0 g/ᐉ, a value which is recommended for application in wastewater treatment. Figure 4 shows the effect of pH on the removal of Cr(VI) ions and on the distribution of Cr(VI) ion species in aqueous solution. FLC was found to exhibit the best Cr(VI) ion removal behaviour with % R values approaching 100% at pH 3.3 but gradually decreasing to 56% at pH 6.5. This behaviour was not only superior to that exhibited by the other four chars C1-C4, but also to many 426 Z. Li et al./Adsorption Science & Technology Vol. 28 No. 5 2010 other adsorbents reported in the literature. Thus, the char reported with the highest Cr(VI) ion adsorption capacity in the study of Mohan et al. (2005) , obtained by activating coconut fibres at 600 ºC for 1 h, lost its capacity for removing Cr(VI) ions from aqueous solution at pH values above 6.0. For the tannin gel reported by Nakajima and Baba (2004), although this exhibited a very high removal efficiency at pH values below 6, on increasing the pH over the range 6.0-7.0, the percentage adsorbed fell to zero. Of the adsorbents studied in the present work, C1 appeared to show the best performance amongst all the samples other than FLC. Increasing the equilibration time from 24 h to 47 d caused the % R value for C1 towards Cr(VI) ions to increase significantly from 30.8% (predicted) to 86.1% (experimentally observed) at pH 3.3. The long-term slow but continuous uptake of Cr(VI) ions onto C1 could provide an alternative construction material for landfill liner systems (Lu et al. 2008) . The % R value for C1 fell from 69.5% at pH 2.2 to 12.3% at pH 3.8, then attained a plateau value up to a pH value 6.7 and finally fell to zero when the pH value was further increased to 10.1. The other three chars, i.e. C2, C3 and C4, showed similar trends in % R values. Figure 4 (a) also shows the species distribution curves for Cr(VI) at pH values below 7.0. It is obvious that HCrO -4 (62%) and Cr 2 O 7 2-(37%) species were dominant at pH < 5.0, while the percentage of CrO 4 2in the system steadily increased from 0% at pH 4.0 to 70% at pH 7.0. Most of the removal percentages of Cr(VI) ions by all these chars are located below the predicted curve for HCrO -4 , except for C1 at pH 2.2 and C2, C3 and C4 at pH ≈ 7.2-7.5. The abnormal behaviours of C2-C4 at ca. pH 7.2 could be attributed to the effects of ionic strength. The adjustment of pH in the system was difficult to achieve at pH 7.0, and it is possible that the repeated additions of acid and alkali necessary greatly increased the salinity of the solution. Figure 4(b) shows the variation of pH e with pH i in the system. At pH < 7.0, both pH i and pH e appeared to be close to each other without any obvious discrepancy. However, at pH i values above 7.0, the curves of pH e levelled off and remained at ca. 7.0 until the value of pH i reached 11.0, corresponding to the changes in the Cr(VI) ion species over this pH range. At pH > 5.0, the oxidizing potential of HCrO -4 is greatly diminished due to the lack of H + ions in the system (Mohan and Pittman Jr. 2006; Nakajima and Baba 2004) . However, even under these circumstances, C1 still retained a 10% sorption capacity towards Cr(VI) ions at pH > 4.0, demonstrating the effect of the nano-structure [see Figure 1 (b)] on the Cr(VI) ion adsorption capacity . Figure 5 shows the effect of ionic strength on Cr(VI) ion adsorption onto the adsorbents studied. For all the samples, increasing the ionic strength from 0.001 to 0.01 M caused an obvious reduction in the removal percentage of Cr(VI) ions, i.e. 8.23%, 29.78%, 46.52%, 29.33% and 10.44% for C1, C2, C3, C4 and FLC, respectively. A further increase in the ionic strength from 0.01 to 0.5 M increased the value of % R for all the adsorbents except for C1 and FLC, with the final % R values at I = 0.5 M appearing to be close to those at I = 0.001 M. Adsorbents C1 and FLC exhibited similar behaviours, with the % R values continuously decreasing as the ionic strength increased from 0.01 to 0.1 M, but increasing when the ionic strength was greater than 0.1 M. The adsorption of Cr(VI) ions onto C1 at I = 0.5 M was only 19.2% of the value obtained at I = 0.001 M. In contrast, the adsorption of Cr(VI) ions onto hematite and goethite was strongly dependent on the pH but independent of the ionic strength (Ajouyed et al. 2009 ). However, our results show that the ionic strength had a negative effect on the adsorption of Cr(VI) ions at I < 0.1 M, but became positive at I > 0.1 M.
FT-IR analysis
Effect of adsorbent dosage on Cr(VI) ion sorption
Effect of pH
Effect of ionic strength
Adsorption kinetics
The rate of adsorption of Cr(VI) ions onto the various adsorbents studied over an extended time period ( Figure 6) indicates that C1 adsorbed quite slowly at pH values of 3.3 and 6.5, respectively. In fact, equilibrium did not appear to have been attained in this system even after 47 d. However, two other adsorbents (C4 and FLC) equilibrated rapidly with Cr(VI) ion solutions, with equilibrium being attained within 1 d, after which no further increase in Cr(VI) ion removal was 428 Z. Li et al./Adsorption Science & Technology Vol. 28 No. 5 2010 noted. After equilibration for 1 d, the amounts adsorbed by the various adsorbents followed the sequence FLC > C4 ≈ C1 (at pH 6.5) and FLC > C1 > C4 (at pH 3.3). However, after extended equilibration periods, the amounts adsorbed followed the sequence C1 > FLC > C4 (both at pH values of 6.5 and 3.3). As shown, the experimental data depicted in Figure 6 could be well fitted by the pseudo-second-order kinetic model. However, the constants arising from the application of this model were not recorded since further experiments using shorter equilibration times were employed in the following studies. Figure 7(a) shows the adsorption isotherms for the various adsorbents at pH 3.3, from which it is seen that the adsorption affinity towards Cr(VI) ions followed the sequence FLC >> C4 ≈ C1 > C2 > C3 > wood chips. Similarly, Figure 7(b) shows the isotherms for the three adsorbents with the most superior Cr(VI) ion adsorption performances in solutions at pH i = 6.5, viz. FLC, C1 and C4. An increase in pH led to a decrease in both the adsorption capacity and affinity to comparatively low levels. This result accords with other reported observations. The isotherms were evaluated using both the Langmuir and Henry's law isothermal adsorption models. The related predicted constants are listed in Table 2 . It will be seen from the values of the corresponding determination coefficients (R 2 > 0.98) recorded in this table that both the Langmuir model and the Henry's law model provided a reasonable fit to the experimental data, other than for wood chips (Langmuir) and FLC (Henry's law). The adsorption capacities at pH i = 3.3 ranged from 11.18 mg/g to 53.45 mg/g, and followed the sequence FLC > C1 > C4 > C2 > wood chips > C3 (NA). The adsorption capacities decreased considerably when pH i was increased to 6.5. Henry's law provides information on the adsorption affinity in terms of the constant K d ; it will be seen from Table 2 that the highest predicted value was exhibited by FLC (2.98) and the smallest by wood chips (0.066).
Adsorption isotherms
The overall sequence of K d values for the adsorbents studied was similar to that for Q e . Thus, increasing pH i to 6.5 resulted in a 90%, 79% and 70% reduction in K d for FLC, C4 and C1, respectively. However, despite exhibiting a substantial reduction in the adsorption affinities under neutral conditions, FLC remained promising as an adsorbent since the % R value still attained 100% at an initial Cr(VI) ion concentration of 1.0 mg/ᐉ. Normally, it is difficult to clean up wastewater containing low concentrations of Cr(VI) ions at neutral pH values. Thus, for example, the removal extent of Cr(VI) ions by natural iron oxide (goethite) has been reported to be reported only 40% at pH 6.5 when the initial Cr(VI) ion concentration was 0.1 mg/ᐉ (Ajouyed et al. 2009 ).
DISCUSSION
A speciation study of Cr(VI) in the surface overlayers of crystal hematite (α-Fe 2 O 3 ) has indicated that the chromium attached to OHligands remains in the original Cr(VI) form and is located within the 15 Å thick overlayers of iron oxide (Kendelewicz et al. 1999) . The mechanism proposed for the adsorption of Cr(VI) ions onto FLC is depicted in Figure 8 (Tanwar et al. 2007; Eggleston et al. 2003) . The zeta potential of iron oxide is positive at neutral pH since the value of pH zpc is very high (Escudey and Galindo 1983) . The high tendency for Cr(VI) ion adsorption onto FLC at pH values above 6.0 may be explained as occurring via outer-sphere electrostatic interactions. In addition, Olazabal et al. (1994) have reported that Cr(VI) ions precipitate in the presence of Fe(III) ions in aqueous solutions under acidic conditions to yield FeOHCrO 4 •2Fe(OH) 3 , with a maximum conversion for Cr(VI) ions of 40% at a pH value of 2.25. This could partly explain the adsorption mechanism of Cr(VI) ions by FLC. However, the maximum Cr(VI) ion removal by FLC approaches 100% at pH 3.3, which is much higher than the percentage precipitation reported. The large discrepancy could be ascribed to the different situations involved, i.e. adsorption onto a wood char surface versus surface complexation onto nano-scale iron oxide. Figure 2 (e) above shows the IR spectra for FLC with and without Cr(VI) ion loading. Characteristic bands at 389 cm -1 and 368 cm -1 linked to the presence of CrO 4 2ions were observed in the spectrum of Cr(VI) ion-laden FLC (Goel and Prasad 1971) . The original bands at 480 and 504 cm -1 associated with the Fe-O group disappeared accordingly. since the abundant -OH groups on the iron oxide surface provide the necessary ligand for Cr(VI) ion adsorption. After such adsorption, aggregation of the fine iron oxide particles occurred. These phenomena support the proposed Cr(VI) ion uptake mechanism depicted in Figure 8 .
Although the reaction of lignin with chromate ions has long been applied in wood preservation treatments (Jorge et al. 1999; Schmalzl et al. 1995) , the polysaccharides present in wood are incapable of being oxidized by 0.01 M aqueous K 2 CrO 4 solutions even at 100 ºC. To effect such a process, a very low solution pH is always required consistent with our observations. The pyrolysis of cellulose has been reported as producing creosote containing > 50% laevoglucosan (Shen and Gu 2009) . However, at lower temperatures (200 ºC), the cellulose or hemicellulose in wood might not be totally decomposed, and the formed creosote could deposit on the surface to form nanometre-scale mini-rods of the type visible in the scanning electron micrograph for C1 [ Figure 1(b) ]. This will increase the possibility of contact between Cr(VI) ions and surface adsorption sites, thereby explaining the change in sorption behaviour observed after heat treatment. Figure 2(b) shows the IR spectra of C1 before and after the adsorption of Cr(VI) ions, where a new sharp band at 1380 cm -1 was observed together with a new shoulder-like band at 880 cm -1 after Cr(VI) ion loading. The chromate ion has been reported to exhibit IR absorptions at wavenumbers of 886, 851 and 820 cm -1 (Panda et al. 2001) ; hence, the broad shoulder at ca. 880 cm -1 could be attributed to chromate ions adsorbed onto C1 in a hexavalent state. The bands relevant to the C-H group showed a considerable reduction in intensity after Cr(VI) ion adsorption, thereby indicating the occurrence of a redox reaction. Heat treatment increased the reactivity of wood and was thus beneficial to Cr(VI) ion adsorption. Table 3 lists the adsorption capacities and affinities of various reported adsorbents for Cr(VI) ions. Those with the highest adsorption capacity were all modified by surface treatment with various special chemicals . Despite such special treatment, other samples listed appear to have smaller adsorption capacities than the ferric-laden char prepared in the present study (Karthikeyan et al. 2005; Das et al. 2004; Di Natale et al. 2007 ). The reported activated carbons also had a smaller adsorption affinity than FLC, while humic acid, iron oxide and the natural clay mineral were all less satisfactory in their adsorption performance towards Cr(VI) ions (Arslan et al. 2010; Begum and Anantharaman 2009; Khan et al. 1995) . The proposed adsorbents as well as the preparation method employed in the present study could be promising as far as engineering practices are concerned. This study
